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ABSTRACT

The RMA standard transformer test chamber has scrious defects
which restrict its usefulness for temperature rise and overload measure-
ments required by the transformer specification PRO-JAN=T-27. A pro-
posed substitute chamber designed and constructed at this Laboratory
is superior in the following respects: (a) the temperature distribu-
tion is morc uniform; (b) the size is much smaller; (¢) the weight is

less; (d) +the heater power consumption is less; (e) the chambers cen
be stacked.
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INTRODUCTION

1. The writers of PRO-JAN-T~27 Specification for transformers and
inductors, (reference (a)), have emphasized the need for standardiz-
ing test mothods and procedurese This is in recognition of the fact
that the test results of various laboratories would be meaningless
without such standardization. For the temperature rise mecasurcments
of JAN-T-27, the authors have specified a standard still-air chamber
To be used by all testing agencies. The specified chamber is the one
now in use by the Radio Manufacturert!s Association for transformer
tests at 409%. (Reference (b)) In the course of a study of PRO=JAN=-
I-27 conducted by this Laboratory at the request of Code S30B of the
Bureau of Ships, it was found that the RMA chamber contained ob jecs
tionable temperature gradients and was very inefficients The purpose
of this report is to present the results of an investigation into the
suitability of the RMA chamber, and to describe a proposed substitute
chember developed by this Laboratory to cvade the limitations found
in the RMA chamber,

DESCRIFTION OF RMA CHAMBER

24 As described in referemce (b) the RMA chamber is a 2-foot cube
whose sides are composed of l-inch thick white asbestos sheeting. The
only ventilation possible is through a six-inch square opening located
centrally at thc botton of one side and protected from cxternal draftse
During the test the transformer is located in the center and threc
inches above the base of the enclosure and supported by two wooden
cleatse The thermometer for measuring the temperature of the air
within the test-enclosure is mounted horizontally cxtending through a
smell hole in the chamber wall and locatcd so that the bulb is threc
inches from the base and threc inches from the ncarest rcar and side
wallse The bulb of thc thermometer for mecasuring the temperaturc of
the core is maintained in contact with the core by mcans of glazicr's
puttye The tempersturc of the windings is determined by the resistance
methode The ambient temperaturc of the cnclosure is o be maintained
at 40°C throughout the test. The temperaturc rise for a given load
condition is determined then by subtracting the ambient tempergturc of
the air within the enclosure from the temperature of cither the corc or
the windings, whichever is highere

3o In constructing the above chamber the "white asbestos sheeting"
was interpreted to mean "transite", a commercial sheeting made of
asbestos fibers and portland cement. To obtain the 40°C ambicnt teme
perature, four 350-watt vitreous cnameled strip heaters werc usecd,
mounted on stand-off-insulators one inch below the top of the chambere

TEST OF THE RMA CHAMBER

4, In the cvaluation of thc RMA chamber, tost proccdurcs were dcé
signed to 3 (1) cheek temperaturc distributions within the chamber and
compare with stated ambient temperaturc, (2) determine the power con=
sumption required to maintain a given temperaturc, (3) investigate the
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cffect of room temperaturc on the temperaturc within the enclosurc,
and (4) to investigete the possibility of stacking thc chambers so as
to conserve floor spacc when more than one chomber is neccssary.

Sa Temperaturcs within the cnclosurc were measurcd by means of
Weston diel thermometers, thormocouples, and mercury thermometerse.

The curves, Plate 1, arc based on measurcments made with dial ther=-
mometkrs, placed so that the temperature was moasured twelve inches
from the side of the chamber in which the six-inch squarc hole is

cut, six inches from the front of the chamber, and 2t the heights
indicated by thc points on the curvess The other temperaturc meas
suring devices werc uscd to ascertain that the dial thermometer mea-
surcments were represcentative of the gencral temperature distributiones
Heater power consumption was checked by voltage and current measurec—
mentse The cffect of room temperature was checked merely by noting
variations in the temperoture within the enclosurc as room tempera-
ture changeds To investigate stacking of the chambers, a mercury bulb
thermomcter was placed on the outside top surface of the chamber and
shiclded from air currents.

Be To provide a "load" in the chanber & simulated transformer,
consisting of an incandescent bulb insidc a 16-gage stocl box 4" x
42" x 53" high, was mounted as specified in refercncc (b)e

EVALUATION OF THE RMA CHAMBER

7o The termperatures at various heights in the chamber werc plotted
into curves shown on Plate l. It was found that a vory great temperae-
ture diffcrence cxisted between the top and the boktom of the chambers
The average difference, for scveral ambient tempersiturcs at the 3-inch
level, was 57,79%Ce With a 40°C tempcraturc at 3 inches above the basc,
the top of the chamber at 22 inches was 90°C and the ocutside top sur=
face was $9°Cs Assuming the transformer under tcst to have a height

of six inches, the ambient air temperaturc at the top of the trans-
former would be approximately 7°C above that at its bottoms No mea-
surcments werce made with the "transformer" under load.

Ba Heater power consumption was found to be very high, with a
total of 1400 watts required to bring the ambient temperature at the
3-inch level to 65°C.

Se Variations in room temperature caused large variations in the
ambicnt tempereaturc and consequently varied the heater power neces-
sarye Variations in room temperaturc thercfore changed the temperaturc
gradicnts in the chamber by rcquiring morc or less heater input. No
quantitative measurcments of gradient as a function of room tempcra-
ture werc madee. Measurcments werc made, however, of gradicnt with the
opening closcd, half closed, and open. The resultant curves, Plate 1,
show a definite decrcase in gradiert when tho opening is closcde

10, In summary, it is concluded that the RMA chamber contains tome
peraturc gradicnts of such great scverity as to make the valuc of
temperature risc measurcments doubtfule The cxccssive heater power
rcquired, together with the effeet of room temperature variations on
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chamber temperature leads %o the conclusion that the temperature con-
trol system is popre Thec very high temperature on the top outside
surface of the chamber prohibits the stacking of chambers to conscrve
floor spacee

DESIGN CONSIDERATIONS FOR A SUBSTITUTE CEAMBER

11. The results of the above tests together with the conclusions
dravn led to the conviction that a chamber could be built which would
surmount many of the weaknesses found. The high heater power rcquired
and stecp temperature gradients indicated a chamber of smaller sizec
and with a better temperature contrpl system. A chamber was designed
and constructed which consists of a double box made of lé-gage gal-
venized sheet steele (See Platc 2 to 4) The inner box is a 15-inch
cubc supported by non-mectallic supports of low thermal conductivity
within the outer box, a 20-inch cube, and positioned to provide a
23-inch air spacc on each sides The door consists of a single sheet
of 18—ga50 galvanized steecl with its ccenter portion constructed to pro-
vidc a 2z-inch dead-air space at the front of the chamber and a recess
for the observation window. The door fits tightly enough to prevent
ventilation. A 9-inch by 7-inch pyrex oven window is mounted in the
center of the door. The opening in the face of the door is smaller
then the pyrex window so that the window is mounted in the recess and
held in the position against the front of the door by retaining angles
attached to the sides of the recesss '

12, A singlc R50-watt strip heater is mounted on cach of the side
walls parallel to and threc inches above the bottom, and a 350-watt
heater is mounted similarly on the rear walle On the door a 250-watt
strip heatcr is mounted two inches from the bottom ¢ The chambers

The heaters arc connected in a serics-parallcl arrazgement as shown. on
Plate 2.

13, Connections arc made to the heaters, load, and thermostat by

the use of terminal strips mounted on the inner and outer walls of the
chambere Thesc terminals are located in the upper left hand corner
necar the reer of thc box and are connected together by #8 wire inmscrted
in varnished cambric tubinge.

TEST OF THY PROPOSED SUBSTITUTE CHAMBER

14, In order to cvaluate the substitute chamber tests were made to
check its tomperature gradients, power consumption, and outside sur-
facc tempcraturce A simulated transformer was mounted centrally in the
chamber, thrce inches above the bottome This transformer, thc same as
that used in tests of the RMA chamber,consisted of a 1l6-gagc steal box
4" x 42" x 53" high which inclosed an incandescent bulbe Power up to
50 watts could be dissipated in this "dummy load".

15. To check temperature gradients, a network of thermocouples was
installed as shown on Plate 5. There werc 2L thermocouples in cach
of threc laycers and 20 in a fourth layer. The layout was based on the
assumption that a symetrical temperaturc distribution could be ox-
pceted with respect to a vertical plane of oenters perpendicular to the
door of the chamber. :
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16, Temperaturcs werc mcasurcd by means of a pyrometer-potentiometers
Temperaturc cycling in the chamber was checked with a recording resis-
tance thermomoters The results of the cycling measurements were not
recorded because cycling is a characteristic, not of the chamber, but

of the thcrmostat-heater-chamber thermal systems It was necessary to
use largc mercury thermostats for embient temperaturc control during
most 6f the measurementse Thesec thermostats possess a Yarge thermal
capacity and as a result failed to follow changes as rapidly as was de-
sirables Even with this unfortunate situation, cycling in the neigh-
borhood of the thermostat did not cxcced a 2°C peak-to-peak excursione
These cycles caused an apparcnt temperature gradient because of the time
required to complete a-set of readings.

17. Temperaturc distributions were measured with the control ther-
mostat set at 40°C, 60°C, 66°C, 85°C, and 98°C at “transformer" load
dissipations of O, 10, 25, and 50 watbs. BResults of measurcments at
40°C, 66°C, and 98°C with load dissipations of O and 50 watts arc shown
on Plates 6 to 12.

18. To check the outside surface temperaturcs, mercury bulb ther-
mometers were placed against the top and bottom outside surfaces and
shiclded from air currcnts. Heater power consumption again was checked
by current and voltagec measuremcnts. The cffect of room tempecrature
variations on chamber temperature was noted but not recorded.

-

EVALUATION OF THE PROPOSED CHAMBER

19. As shown by the data of Plates 6 to 12, temperature distribution
in the proposed chamber was quite uniforme With no load to the "trans-
former". gradients did not cxcecd 2°C for any degree of controlled
chamber temperature. With 50 watts applied to the "dummy load", the
gradient from the 13" to the 12-3/8" leveld did not in any case oxceed
11°C. Assuming a transformer of six inches height, the ambient air
temperature difference from bottom to top of the transformer would vary
from 2°C for no input to the "load" to 7°C for 50 watts input to the
"load",

20, Room temperaturc variations were found to have some effect on
chamber temperature, but not enough to disturb chamber gradientse. At
normol room temperaturc and a controlled chamber temperature of 40°C,
the meximum transformer "load" that could be handled without exfernal
cooling was 25 watts. For controlled chamber temperatures of 60°C and
above, "loads" up to 50 watts could be handled with ease. <o maintain
a chamber temperature of 980C, the maximum hcater power required was
700 wattse At a chamber temperature of 989C, the top outside surface
of the chamber did not exceed 55°Ce Also, the temperatures o.f the top
and bottom outside surfaces differed by less than 100C.

COMPARISON OF THE RMA AND PROPOSED CEAMBERS

21, Temperature gradients of the proposed chamber are considerably
less scverc thon thosc of the RMA chambere Under no~load conditzions,
the top-to-bottom gradient of the proposed chamber was a maximum of

29C comparcd to an average of 57.79C for the RMA chamber. With 50 watts
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input to the load, the top~to=-bottom difference of the proposcd cham-
ber temperaturc was a maximum of 11°C, considerably less than the
57.70C of the RMA chamber with no load inpute

e The 700 watts heater power needed to kéep the proposed chamber
at 98°C represents a great improvement over the 1400 watts neceded by
the RMA chamber to attain a temperaturc of 65°C.

23. While the temperature of the top outside surface of the RMA
chamber actually exceeded the enclosure temperature, the top of the
proposcd chamber did not excced 55°C for an enclosure temperaturc of
98°C. Whilc stacking of the chamber is prohibitive in the first case,
it can be permitted in the second, thus affording considerable conscre
vation of fidor spacece.

24. While room temperature variations had a great effect on the
temperature gradients and power consumption of the RMA chamber, the
proposed choamber was cffccted to such a small extent that the effect
could be overlooked. '

250 Against the morc than 200-pound weight of the transite RMA cham=-
ber, the proposcd chamber weighs approximately 86 pounds and can, if
necessary, be lifted and moved about by onc mane

260 The RMA chamber, a 2-foot cubec, occupics in excess of B cubic
feet of space, while the 20-inch cube proposed chamber occupies approxi-
nately 4.8 cubic fecte Two of the 20-inch chambers, stacked, would
usc approximotely 4 squarc fect of floor space, while two 2-foot transite
chambers would roguire approximately 10 squarc feete

CONCLUSTIONS

276 It is concluded that the proposed transformer test chamber re-
prcsents an improvement over the cheamber presently specificd in PRO-
JAN-T-27 in the following respocts:

(a) Tomperature distributions arc morc uniform and the gra-
dicnts arc less scvercs

(b) The physical size is much smaller.

(e¢) The weight is less than half.

(d) The power consumption is less than half.
(e} The chambers can be stacked.

RECOMMENDAT IOHS

28 Sincc o standard transformer test dhamber should be specified
in JAN-T-27, and sincc the proposed substitute chamber has becn found
to be far supcrior to the RMA chamber presently specified, it is re-
cormended that a chamber of the type deseribed herein be adopted as
the standard still-air chamber for the tests required in JAN-T=27.
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WORKING MODEL OF PROPOSED TRANSFORMER TEST CHAMBER
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WORKING MODEL OF PROPOSED TRANSFORMER TEST CHAMBER
SHOWING LOCATION OF HEATERS.
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g 96 L- ~gg —4385
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TEMPERATURE DISTRIBUTIONS IN

TRANSFORMER TEST CHAMBER - #35

‘UNLESS OTHERWISE SPECIFIED, TOLERANCES ARE =

Btk
APPR'V'D, /.?

 DR'WN.

CH'K'D.

oF

SHEET

DECK2 - 5% FROM BOTTOM DECK 1- 1% FROM BOTTOM

98° CENT CONTROLLED TEMPERATURE
NO INPUT TO LOAD

PHONE |2,

DATE

EACH DOT REPRESENTS A THERMOCOUPLE - ALL
FIGURES ARE DEGREES CENTIGRADE

R-286¢9

PLATE /O

U. S. NAVAL RESEARCH LABORATORY | 8CALE ¥g = |°

15
105
MNAVSHIPS (NRL) 141

WASHINGTON 20, D. C.

B'LD'G.




v86 84 V8T i
096 024 2100 °9g
.58 .96 Qioo "OO
| | | 1
| " ‘LDI 94 i 114 HO 98
' 105 T 36 6f bt TEg e
100 :
L—'--.gs'--*gfr L——+——"99
L ] L]
98 96 98 o7
fo's *35 36 e37
a2t 8| 95 80

DECK 4 - 12% FROM BOTTOM DECK 3 - 9%" FROM BOTTOM
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DECK 2 -5%" FROM BOTTOM = DECK 1 - 1% FROM BOTTOM

98° CENT. CONTROLLED TEMPERATURE
SO WATTS INPUT TO LOAD

EACH DOT REPRESENTS A THERMOCOUPLE~ ALL

FIGURES ARE DEGREES CENTIGRADE
R-2869 PLATE /|

TEMPERATURE DISTRIBUTIONS
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TRANSFORMER TEST CHAMBER - #8
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Distribution:

BuShips = 6

ANEESA - 2

CHORI - 1

ORI, Boston - 1

SNLO, Ft. Monmouth - 5
OP=413-B2 = b



